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Fanconi anemia (FA) is a heteroge- 
neous disease associated with a bone 
marrow failure, cancer predisposition 
and hypersensitivity to DNA crosslink- 
ing agents. To date, 15 different genes 
have been shown to cause FA, all of 
which have some role in repair of defec- 
tive DNA interstrand crosslinks. On a 
biochemical level, many FA individu- 
als display insufficient growth hormone 
production, abnormal glucose or insulin 
metabolism. Clinical phenotype may 
include hydrocephalia, the erythropha- 
gocytosis and diabetes mellitus, thus 
linking FA with metabolic disorders that 
involve impaired oxygen metabolism and 
mitochondrial alterations. Our recent 
study demonstrates the decrease of FA 
mitochondrial membrane potential, 
low ATP production, impaired oxygen 
uptake and pathological changes in the 
morphology of FA mitochondria. This 
is accompanied by inactivation of the 
enzymes responsible for energy produc- 
tion and detoxification of ROS. We also 
propose that FA oversensitivity to DNA 
crosslinkers may be caused by the over- 
production of mitochondrial ROS. 

Fanconi anemia (FA) is a rare autoso- 
mal recessive genetic disorder associ- 
ated with a bone marrow failure, cancer 
predisposition and hypersensitivity to 
DNA crosslinking agents. Fifteen FA 
complementation groups have been char- 
acterized so far (A, B, C, D1/BRCA2, 
D2, E, F, G, I, J/BACH1/BRIP1, L, M, 
N/PALB2, 0/RAD51C and FANCP/ 
SLX4). 1 According to current model, the 
central regulatory event in the FA pathway 
is assembling FA proteins from subgroups 



A-, -B, -C, -E, -F, -G, -L and -M (FA core 
complex) in response to replicative stress 
followed by phosphorylation/monou- 
biquitylation of FANCD2-FANCI and 
recruitment of specific nucleases and poly- 
merases required for the DNA repair. 2 
Such stress can be caused by cross-linking 
agents and/or ROS. Interestingly, a num- 
ber of FA patients reveal hydrocephalia, 
ventriculoperitoneal shunts, the erythro- 
phagocytosis and type II diabetes melli- 
tus — common hallmarks of diseases that 
involve impaired oxygen metabolisms 
and mitochondrial damage. 3 Initially 
adduced by Nordenson 4 and by Joenje et 
al., 5 ' 6 recent works confirmed an increased 
ROS in FA, 7 interference with cellular 
redox state and ATP production, 8 sensi- 
tivity to oxidant stimuli, 910 accumulation 
of oxidized proteins 11 and oxidative DNA 
damage. 12 " 14 All these facts may suggest 
engagement of mitochondria to cope with 
increased ROS production in FA. Indeed, 
Mukhopadhyay et al." found that the 
FANCG protein is localized in mitochon- 
dria and interacts with the mitochondrial 
peroxidase peroxyredoxin 3 (PRDX3). 
In turn, cells from the FA-A and FA-C 
subtypes also had PRDX3 cleavage and 
decreased peroxidase activity. These find- 
ings further supported the idea of mito- 
chondria involvement in the pathogenesis 
of FA. 

Our recently published study demon- 
strates that FA cells from at least groups 
A, C and D2 have not only high ROS 
level and low Ail) , but also reveal altered 
mitochondrial morphology accompanied 
by decreased ATP production and oxy- 
gen uptake. 16 Unlike physiologically nor- 
mal conditions in which mitochondria 
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Figure 1. FA-like cells with non-functional mitochondria are less sensitive to MMC. (A) Rho-zero 
cells were prepared by incubating HEK 293 cells with ethidium bromide. (B) Depletion of cells 
from FANCD2 has been performed by double transfection with FANCD2 siRNA. (C) Cells were 
incubated for 1 h with 0.5 uM MMC (final) or vehicle and MMC sensitivity assay was performed 
following 24 h post-treatment. (D) Cell sensitivity to MMC is increased for mitochondria-depleted 
rho-zero HEK293 cells vs. cells with functional mitochondria. 



are active in ATP synthesis and most of 
the oxygen consumed by the respiratory 
chain is completely reduced to water, 
accumulation of stalled replication forks 
in FA cells attracts various DNA repair 
enzymes leading to overproduction of 
ROS, interfering with cellular antioxi- 
dant defense mechanisms and resulting in 
chronic damage of the major mitochon- 
drial functions: ATP syntheses, ROS pro- 
duction/detoxification and maintenance 
of Ail; and OCR. Indeed, we found 
impaired response to ROS of major mito- 
chondrial complexes, especially detoxify- 
ing enzyme superoxide dismutase SOD1. 
If overexpressed, however, this could 
rescue oxygen uptake. Thus it seems 
likely that FA proteins and associated 
partners also act outside of the canoni- 
cal Fanconi pathway, in particular, help- 
ing to neutralize ROS. Our research on 
mitochondrial fractionation experiments 
coupled with 2D-DIGE based technique 
will likely help to elucidate mitochon- 
drial components that are affected in FA. 



Importantly, animal studies are required 
to recapitulate our in vitro findings with 
in vivo models. 

The concept of FA cells oversensitivity 
to cross-linking agents like MMC relies 
on inability of FA DNA repair machinery 
to overcome ICL-induced stalled replica- 
tion blocks. In our study, we demonstrate 
that sensitivity of FA cells to crosslinker 
MMC can be reduced in the presence of 
ROS scavenger NAC suggesting that ROS 
evoked directly from MMC may equally 
contribute to MMC-induced cytotoxicity. 
Similar results can be obtained in MMC- 
sensitivity assay of human fibroblasts 
depleted for FANCD2 or FANCG by cor- 
responding siRNAs. Cells pretreated with 
NAC display higher survival rate upon 
MMC treatment. Yet, the important ques- 
tion is whether mitochondria are involved 
in these processes. Since mitochondria are 
not only the first source of ROS formation 
but also the most susceptible ROS target, 
accumulation of MMC-induced ROS 
may further disable proper function of 



mitochondria by inactivating antioxidant 
defense mechanisms. In turn, removal the 
ROS associated with dysfunctional mito- 
chondria may increase cell survival. In 
order to test this hypothesis, we prepared 
population of HEK293 cells with non- 
functional mitochondria by incubating 
them with a low concentration of ethid- 
ium bromide (Fig. 1A). Such rho-zero 
cells displayed low sensitivity to MMC, 
as in case of normal cells. However, when 
converted to FA-like phenotype by cor- 
responding treatment with FANCD2 
siRNA (Fig. 1C), rho-zero cells revealed 
almost two times less response to MMC 
vs. cells with fully functional mitochon- 
dria (Fig. ID). These experiments suggest 
that FA mitochondria can impact overall 
sensitivity of FA cells to MMC-induced 
ROS. 

On a practical side, this may be ame- 
nable for patients requiring bone marrow 
transplantation and undergoing condi- 
tioning regimens that involve chemo- 
therapy with cross-linking drugs. High 
sensitivity of FA cells to DNA damaging 
drugs can be decreased by combinatorial 
treatment with proper ROS scavengers. 
Furthermore, oxidative stress from accu- 
mulated ROS has been associated with 
tumor formation hence ROS-quenching 
compounds may delay tumor onset in 
FA. This can be especially relevant to 
FA cancer patients. Higher ROS produc- 
tion increases cancer cell dependence on 
ROS scavenging systems. Several studies 
suggested that therapies aimed at reduc- 
ing ROS coming from extra mitochon- 
drial source might offer effective means 
of combating malignancies. Essential to 
developing these therapeutic strategies is 
to maintain physiologically low ROS lev- 
els in normal tissues while inducing ROS 
in cancer cells. In this respect, screening 
a chemical library of small molecules — 
artificial analogs of a second antioxi- 
dant system (tocopherol, ascorbic acid, 
glutathione, bilirubin, etc.) or natural 
compounds that reduce oxidative DNA 
damage may hold promise for novel FA 
therapies. 
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